Background/Objectives: Despite repeated public commitments and availability of various forms of iron supplements, rates of anaemia in developing countries remain high. A major reason for this lack of success has been poor adherence. The objective of this study was to compare the effectiveness of daily and flexible administration of micronutrient Sprinkles on adherence, acceptability and haematological status among young children in rural Bangladesh. Subjects/Methods: A sample of 362 children (haemoglobin (Hb)X70 g l À1 ) aged 6-24 months were cluster-randomized to receive 60 sachets of Sprinkles either (i) daily over 2 months; (ii) flexibly over 3 months; or (iii) flexibly over 4 months. With a flexible regimen, mothers/caregivers decided how frequently to use Sprinkles without exceeding one sachet per day. Adherence was assessed monthly by counting the number of sachets used and acceptability was evaluated through focus group discussions. Haemoglobin was measured at baseline, at the end of each intervention period and 6 months post-intervention. Results: Mean percent adherence was significantly higher in the flexible-4-month group (98%) compared to the flexible-3-month (93%) and daily-2-month (88%) groups (Po0.01). Most mothers found flexible administration to be more acceptable than daily due to perceived benefits of use. Hb at the end of intervention was significantly higher in the flexible-4-month group compared to the daily group (P ¼ 0.03). Anaemia prevalence decreased by 65% in the flexible-4-month group compared to 54% in the flexible-3-month and 51% in the daily-2-month groups. Percent of cured children who maintained a non-anaemic status 6 months post-intervention was significantly higher in the flexible-4-month (82%) and flexible-3-month (80%) groups than the daily-2-month (53%) group (Po0.05). Conclusions: The adherence, acceptability and haematological response to flexible administration over 4 months were found preferable to daily.
Introduction
In South Asia, 60-75% of under-5 children suffer from anaemia (ACC/SCN, 2004; BBS/UNCF, 2004) . Among the multiple causes of anaemia, iron deficiency due to insufficient dietary intake is the most common cause (Gibson et al., 1998 ; UNICEF/UNU/WHO/MI, 1999). The consequences of iron-deficiency anaemia (IDA) may include impaired cognitive, motor and behavioural development (Lozoff et al., 2000 (Lozoff et al., , 2003 Grantham-McGregor and Ani, 2001) . Therefore, effective public health strategies are needed to prevent and treat the problem. Although iron supplementation with ferrous sulphate drops and syrup has been the primary therapeutic intervention for IDA in infants, iron drops have not proven to be effective as a large-scale public health intervention mainly because of poor adherence (Ciomarten et al., 1995; Nestel and Alnwick 1997) . Thus, recent emphasis has been placed on finding new products and new approaches to increase adherence (Nestel et al., 2003) .
Sprinkles is a new intervention, which was developed to address the problem of childhood anaemia by delivering iron and a blend of other essential vitamins and minerals in powder form that can easily be mixed into any available complementary food before serving (Zlotkin et al., 2005) . The efficacy, bioavailability and safety of Sprinkles have been demonstrated in many diverse settings (Zlotkin et al., 2001 (Zlotkin et al., , 2003 Tondeur et al., 2004; Giovannini et al., 2006; Sharieff et al., 2006) . For example, a recent field trial in India showed that a daily iron dose of 12.5 mg given as Sprinkles over a two-month period significantly increased haemoglobin concentrations and successfully treated anaemia (Hirve et al., 2007) . In a recent study in Bangladesh, focus group discussions revealed that mothers preferred a less structured regimen than daily use (Hyder et al., 2007) . Mothers reported that a prescribed dosing regimen, whether daily or onceweekly was rigid and imposed psychological stress if a scheduled dose was inadvertently missed. The attitude of the caregiver about an intervention is important as it may be either a barrier or motivating factor influencing adherence (Galloway and McGuire, 1994) . Although iron can be given daily or intermittently with similar positive results, the effect of a flexible regimen on adherence has not yet been explored. The flexible administration of Sprinkles was therefore examined in the current study on the basis that it may increase programme effectiveness by improving adherence. Our objective was to compare the impact of daily and flexible administration of Sprinkles on adherence. We hypothesized that flexible administration of Sprinkles would yield higher adherence and thus result in improved anaemia status than daily administration.
Methods

Study area and population
The study was conducted from May to September 2004 in the Kaliganj sub-district of the Gazipur district in Bangladesh. Children are predominately fed khichuri, a rice-based porridge mixed with lentils and spices (Davidsson et al., 2004) . Malnutrition is widespread among women and children and the prevalence of malaria is low in the area (NIPORT, 2004) . Hookworm affects less than 2% of children under two (HKI/IPHN, 2000) .
Children with the following inclusion criteria were enrolled: (i) age 6-24 months at baseline, (ii) haemoglobin concentration (Hb)X70 g l À1 , (iii) consuming complementary food at least once daily, (iv) reportedly free from acute or chronic illness, (v) permanent resident of the village, (vi) not receiving any other form of iron supplementation, and (vii) parental consent obtained. Children with severe anaemia (Hbo70 g l À1 ) were excluded and referred for treatment.
Study design
A total of 362 infant/mother dyads were recruited from 16 villages. Dyads were randomized by their village (cluster) to receive 60 sachets of Sprinkles either: (i) daily over two months; (ii) with flexible administration over three months; or (iii) flexible administration over four months. Since it was not possible to blind mothers to the mode of administration, cluster randomization by village was chosen to prevent bias due to the influence mothers from the same village may have on each other when assigned to different intervention groups. Villages were randomized into one of the three intervention groups by drawing numbered chips out of a hat. Mothers whose children were randomized into the flexible groups were able to decide themselves how frequently to give Sprinkles during the specified intervention period. However, all mothers were instructed not to give more than one sachet a day. The content of Sprinkles sachets was identical for all groups and included 12.5 mg elemental iron as microencapsulated ferrous fumarate, 5 mg zinc as zinc gluconate, 300 mg retinol equivalents as retinol acetate, 160 mg folic acid and 50 mg vitamin C. The rationale for delivering 60 sachets to all children was based on the demonstrated efficacy of a twomonth daily supply of Sprinkles (Zlotkin et al., 2001 (Zlotkin et al., , 2003 Hirve et al., 2007; Hyder et al., 2007) .
Distribution of Sprinkles
In Bangladesh, there are over 40 000 village-based volunteer women health workers, who are trained by BRAC (formerly known as Bangladesh Rural Advancement Committee) (BRAC, 2002) . Women health workers from the 16 study villages distributed Sprinkles to mothers once a month. For all groups, 30 sachets were delivered at the beginning of the first month of intervention and the remaining 30 sachets at the beginning of the second month. At baseline, mothers from all groups received the same nutrition education including healthy weaning practices, the proper use of Sprinkles and its expected side effect (that is, darkening of stool) and a feeding demonstration session.
Data collection and outcome measures
Adherence was expressed as the proportion of the 60 sachets distributed that were actually used. Adherence was determined by counting the number of used (empty) and unused (full) sachets (Zlotkin et al., 2001) . Fieldworkers verified with mothers whether sachets reportedly shared or lost were consumed by their child. For the daily-2-month group, fieldworkers collected all sachets at the end of the first month (both used and unused). For the two flexible groups, fieldworkers collected only used sachets at the end of each month, thus allowing any remaining unused sachets to be available for use throughout the rest of the intervention period.
Mother/caregiver acceptability and preference towards the different administration models of Sprinkles were examined at the end of intervention through focus group discussions (FGDs). Methods for FGDs were based on those described by Scrimshaw and Hurtado (Scrimshaw and Hurtado, 1987) . A total of six FGDs were conducted, two sessions at the end of each group's intervention period. Each FGD involved a different set of nine mothers (three from each intervention group).
Haemoglobin was measured using Hemocue (B-haemoglobin photometer, Angelholm, Sweden) following standard techniques (Cohen and Seidl-Friedman, 1988) , at baseline, end of each intervention period and six months postintervention. Anaemia was defined as Hbo110 g l À1 (DeMaeyer et al., 1989) . At the end of each intervention period, only children who were non-anaemic were included in the 6-month follow-up assessment. Children found anaemic were excluded from follow-up and referred to a local clinic. Demographic, socioeconomic and dietary information was collected at baseline using a structured questionnaire. Length and weight were measured at baseline, end of intervention and 6 months post-intervention using standard techniques (WHO, 1993) .
Sample size
Although difference in group adherence was the primary outcome, there was no existing literature available to use in estimating sample size based on adherence. Thus, we chose to base our sample size on change in haemoglobin concentration. Sample size calculation was based on detecting at least a 5 g l À1 difference in mean Hb between groups at the end of the intervention with a standard deviation of 17 g l À1 (adjusted for a cluster design effect) within groups, using one-way ANOVA with type I error a ¼ 0.05 and power ¼ 0.80. To account for dropouts and loss to followup, the final sample size estimate required at least 120 children per group.
Statistical analysis
All forms and questionnaires were manually checked for completeness, consistency and range. Data were coded and processed using SPSSWIN (version 11.0, SPSS Inc., Chicago, USA) statistical software. Data entry and cleaning were completed at the local field site so that queries could be resolved by rechecking original data forms or through repeat household visits if necessary. Mean percent adherence, Hb, weight and height were compared among groups using analysis of variance. The prevalence of anaemia and the proportion of children who became non-anaemic after the intervention were compared between groups using w -tests. Change in anaemia prevalence within group was assessed using McNemar's test adjusted for design effect. Differences were considered significant at Po0.05.
Ethics and consent
Prior to the study, meetings were held with key community members to inform them about the study and seek verbal community consent. Mothers/caregivers of all subjects gave written informed consent by signing or fingerprinting a consent form before participating in the study. Ethical clearance was obtained from the Research Ethics Board at the Hospital for Sick Children in Canada and the Bangladesh Medical Research Council of the Ministry of Health.
Results
Of the 371 children screened, 362 were enrolled (Figure 1 ). Loss to follow-up (9.4%) was similar among groups. Children who could not be assessed at the end of intervention (n ¼ 24) were either ill, had parental consent withdrawn or migrated with their family. Of the 338 children who completed the intervention, 148 were eligible for follow-up at 6-months post-intervention. At the 6-month follow-up, 8/148 (o6%) were unavailable for reassessment having left the study area.
Baseline characteristics
Gender, mean Hb and anaemia prevalence were similar among the three groups at baseline (Table 1) . Socioeconomic variables including caregiver education and breastfeeding practices were also similar (data not shown). Significant between-group differences were observed only in mean age, length and weight. Overall, mean Hb was 99714 g l À1 and 278/362 (77%) children were anaemic (Hbo110 g l
À1
). The nutritional status of children (z-scores) did not significantly differ between groups and was generally poor, as indicated by the high overall prevalence of stunting (29%), underweight (41.7%) and wasting (13.8%) (National Centre for Health Statistics, Atlanta, GA, USA).
Adherence
On average, children in the flexible-4-month group consumed 98% of prescribed sachets throughout the intervention period (Figure 2 ). This mean adherence was significantly higher than the flexible-3-month (93%) (Po0.01) and daily-2-month (88%) groups (Po0.01). Figure 2 also illustrates that the proportion of children who consumed all prescribed sachets (100% adherence) was greatest in the flexible-4-month group (86.4%) compared to the flexible-3-month (58.4%) and daily-2-month (13.5%) groups (Po0.01). No mother reported giving more than one sachet a day to her child. All mothers reported mixing the full content of sachets into complementary food before serving and over 90% reported that their child ate the entire amount of Sprinkles-mixed food at each meal. Fewer than 1% of mothers reported sharing Sprinkles with a non-study child.
It was not possible to determine whether mothers in the flexible groups followed a pattern more similar to daily or Daily versus flexible administration of multiple micronutrient Sprinkles H Ip et al intermittent use, since the frequency of administration was left up to mothers. It is unlikely that mothers in the flexible groups gave Sprinkles daily to their children as no mother in these groups gave all 60 sachets within the first two months of intervention. The average number of sachets used per month in each group is shown in Figure 3 .
Mother/caregiver acceptability In FGDs, most mothers (independent of group) reported noticeable changes in their child's behaviour after using Sprinkles, including increased appetite and higher levels of activity and playfulness. Sprinkles were found to mix easily with food and had 'no' or 'mild' effects on the colour, taste or smell of food to which they were added. Mothers from the flexible groups found instructions for flexible administration clear and easy to follow. Box 1 summarizes a selection of mothers' perceptions of the strengths and weaknesses of daily and flexible administration. Almost all mothers preferred flexible administration over daily, including many mothers in the daily group, because of perceived benefits such as more time to give all prescribed Sprinkles sachets, more autonomy to decide on which day to give Sprinkles and less anxiety associated with missing a daily dose.
Haematological outcome
Mean Hb significantly increased from baseline to end of intervention within all groups (Po0.01). (Table 2 ). Mean Hb concentration at the end of intervention was significantly Daily versus flexible administration of multiple micronutrient Sprinkles H Ip et al greater in the flexible-4-month group compared to the daily-2-month group (P ¼ 0.03). A significant positive association was found between the number of sachets consumed (that is, the total dose of iron consumed) and final Hb (data not shown). For each sachet consumed, mean Hb increased by 0.1370.06 g l
À1
. A Hb increase of X10 and X5 g l À1 were observed in 199/339 (58.7) and 238/339 (70.2%) children, respectively (data not shown). Means across groups were tested using analysis of variance that account for clustering of observations. Percent across groups were compared using w 2 -test that account for clustering of observations. b Statistically significant difference between daily-2-month and flexible-3-month group (P ¼ 0.02), and between flexible-3-month and flexible-4-month group (P ¼ 0.02). A significant reduction in anaemia prevalence (51% decrease from baseline) within all groups was achieved (Po0.01) ( Table 2) . Although the percentage of children successfully treated for anaemia (cure rate) did not significantly differ between the groups at the end of intervention (P ¼ 0.27) (Table 2), the percentage of children cured at the end of intervention who were able to maintain their non-anaemic status 6-months after receiving Sprinkles was found to be significantly greater in the flexible-4-month group compared to the daily-2-month group (P ¼ 0.02) ( Table 3 ). In addition, Hb levels achieved at the end of intervention were maintained 6 months post-intervention only in the flexible-3-month and flexible-4-month groups (Table 3) .
Discussion
Despite the widespread availability of liquid iron supplements, and government and global recommendations for its control, rates of anaemia in developing countries remain unacceptably high (UNICEF/MI, 2004). A major reason for this lack of progress has been poor adherence to traditional iron supplements that are intended to be used for prolonged periods of time usually on a daily basis (Nestel and Alnwick, 1997; Mora, 2002) . In this study, it was demonstrated that flexible administration of a multiple micronutrientpowdered fortificant (Sprinkles) was highly acceptable and associated with significantly higher complete adherence (86%) than a daily regimen (14%). Greater adherence in Means across groups were tested using analysis of variance that account for clustering of observations. Per cent across groups were compared using w 2 -test that account for clustering of observations. Confounders controlled for included mean age, length and weight. b Statistically significant difference between daily-2-month and flexible-4-month group (P ¼ 0.03). Means across groups were tested using analysis of variance that account for clustering of observations. Percent across groups were compared using w 2 -test that account for clustering of observations. Confounders controlled for included mean age, length and weight. b Statistically significant difference between daily-2-month and flexible-3-month group (P ¼ 0.02) and between flexible-3-month group and flexible-4-month group (P ¼ 0.01). c Statistically significant difference between daily-2-month and flexible-4-month group (marginally significant; P ¼ 0.06) and between daily-2-month and flexible-3-month group (marginally significant; P ¼ 0.09). d Difference between mean haemoglobin at the end of intervention and 6-months follow-up. e Statistically significant difference between daily-2-month and flexible-4-month group (marginally significant; P ¼ 0.06) and between daily-2-month and flexible-3-month group (P ¼ 0.03). f Statistically significant difference between daily-2-month and flexible-4-month group (P ¼ 0.02) and between daily-2-month and flexible-3-month group (marginally significant; P ¼ 0.07).
the flexible groups likely resulted in the higher Hb and improved anaemia status. Indeed, infants in the flexible 4-month group achieved a significantly higher mean end Hb concentration than the daily group. Flexible administration also showed favourable longer-term effects as a significant number of children in the flexible groups were able to maintain their non-anaemic status at 6 months after the intervention.
There are potential explanations for the improved haematological outcomes observed in the flexible-4-month group compared to the daily group. The most obvious explanation was that higher adherence resulted in greater total iron consumption. In addition, intermittent, or less frequent than daily consumption may have yielded greater iron absorption and retention than daily use by allowing more time for the mucosal turnover of intestinal cells (Viteri, 1996) . Consequently, children in the flexible groups were more likely to build up sufficient iron stores to prevent anaemia from recurring for the next 6 months. Although there was no significant difference in anaemia cure rates at the end of intervention between the flexible-4-month and daily groups, our sample size was based on detecting a difference in Hb and not anaemia cure rate. Had our sample size been calculated to detect a difference in cure rate, we believe a significant difference between the groups would likely have been observed.
Although by study design there were differences in the duration of intervention between groups, the difference in duration is unlikely to fully explain the higher adherence in the flexible groups. Indeed, FGDs revealed that mothers from all groups perceived longer intervention periods to be a weakness and thus not preferred. A longer duration of intervention was more likely to have contributed to a lack of motivation towards use and decreased adherence. Adherence can be jeopardized when an intervention fails to accommodate the patient's perceived needs and lifestyle (Galloway and McGuire, 1994) . As revealed by the FGDs, by allowing mothers' the choice of when and how often to use Sprinkles, flexible administration became easier to adapt to and thus adhere to. Drawing from the concepts of health empowerment and seeking behaviour (Levin, 1981; Ahmed et al., 2003) , the freedom and autonomy experienced with flexible administration were likely strong motivators to explain the higher adherence seen in the flexible groups compared to the daily group.
The results of this study should be considered within the context of the following study limitations. A placebo group was not used in the study for ethical reasons. However, it is highly unlikely that improved Hb status would have occurred had no treatment been provided because complementary food in rural Bangladesh is typically low in bioavailable iron (Ahmed, 2000) . A recent study from Cambodia, which included a placebo group, clearly demonstrated the efficacy of Sprinkles in controlling anaemia (16). Final Hb assessment was not measured at the same time in all three groups because of differences in the duration of each intervention. We considered alternative design approaches such as measuring Hb at the same end point, for example at 4 months, for all groups. However, this design would not have accounted for the possible bias due to Hb decline after the end of intervention in the daily-2-month and flexible-3-month groups. After careful consideration, we elected to measure Hb at the end of each intervention acknowledging that we may not be able to fully control for differences in intervention times. Children in the flexible-4-month group were by definition one to two months older at the end of the intervention than children in the other study groups. Multilevel analysis controlling for age did not alter overall results. Due to limited resources, other indicators of iron status were not measured. However, a previous study in rural Bangladesh showed significant increases in Hb and serum ferritin levels in children who received Sprinkles daily or once-weekly over 2 months (Hyder et al., 2007) . The positive response to iron achieved in the study suggests iron deficiency as a cause of anaemia.
Findings from the present study may be generalized to many subsistent farming communities in South Asia, as high anaemia prevalence, rice-based complementary diets and practices such as the delayed introduction of complementary food and prolonged breastfeeding are common (Khan, 1990) . Since 1998, the World Health Organization has recommended long-term daily iron supplementation to infants, yet, to date there are no effective public health interventions implemented on a wide-scale to control anaemia (Stoltzfus and Dreyfuss, 1998) . The flexible approach to home-fortification with Sprinkles has important implications for large-scale public health programmes. For example, improved adherence with a flexible approach (for example, using 60 Sprinkles sachets over 4 months) would likely benefit programme settings where close supervision of an intervention is not possible. The concept of homefortification with Sprinkles beginning at 6 months may yield additional public health benefits by promoting the timely introduction of complementary foods.
